
(19) RU (11) 



2 124 588 ( 3) C1 

C 25 D 11/02, 21/02 



(51) Int. CI. 6 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



< 12 > ABSTRACT OF INVENTION 



ro 

cn 
oo 
oo 



(21), (22) Application: 97121205/02, 30.12.1997 


(71) 


Applicant: 




Zakrytoe aktsionernoe obshchestvo "Tekhno-TM" 


(46) Date of publication: 10.01.1999 




(73) 


Proprietor: 


(98) Mail address: 




Zakrytoe aktsionernoe obshchestvo Tekhno-TM" 


123007 Moskva, a/ja 79, ZAO "Tekhno-TM" 





(54) PROCESS OF MICROPLASMA OXIDATION OF VALVE METALS AND THEIR ALLOYS AND GEAR FOR ITS 
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(57) Abstract: 

FIELD: microplasma electrolytic machining 
of surfaces of metal articles, mechanical 
engineering, aircraft industry, chemical, 
petrochemical and other industries. 
SUBSTANCE: proposed process of microplasma 
oxidation of valve metals and their alloys 
includes submersion of part into 
electrolyte, setting of initial intensity of 
polarization current in electric circuit, 
curing of part till coat of preset thickness 
is formed, removal of forming voltage, 
removal of part and subsequent washing of 
it. Submersion of part into electrolyte is 
performed at rate determined by dependence 
V=A exp(Bv = Aexp(B.N).N), where V is 
submersion rate of part, sq.dm/min; N is 
output power of power supply source. After 
finish of formation of coat voltage in 
electric circuit is decreased till single 
stray microplasma discharges emerge on 
machined surface and curing is continued to 
moment of complete quenching of these single 
stray microplasma discharges. Gear to 
implement process described above has bath 



with cooling agent where electrolyzer is 
placed, control unit, mechanism of vertical 
and horizontal movement of machined part and 
its transfer from electrolyzer into bath. 
EFFECT: enhanced wear and corrosion 
resistance of machined parts, low cost of 
machining of wide spectrum of samples. 3 cl, 
1 dwg 
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(54) CnOCOB MHKPOnJlA3MEHHOTO OKCHflHPOBAHHfl BEHTMJlbHblX METAJIJIOB M MX CnJIABOB M 
YCTPOfiCTBO AAA ETO OCyLUECTBJlEHklfl 



(57) PecfepaT: 

H3o6peTenne othochtca k 
MMKponna3MeHHOM arieiapoxuMWHecKOM 
o6pa6oTKe ncmepxHocTH MeTannn^ecKnx 

M3AeJ1Mp! H MO)KeT 6blTb MCnOXlb30BaHO B 
MaLUMHOCTpoeHMM, CaMOJieTOCTpOeHMM, 

HecJjTexuMMHecKoR, HecjDTflHofi m APyrux 
oTpacnflx npoMbimneHHOCTM. npeAnoweH 
cnocx>6 MHKponna3MeHHoro OKCHAnpoBaHHH 
BeHTM/ibHbix MeTannoB h mx cnnaBOB, 
BKnioMaioinnR norpyweHHe fleiann b 
aneiapoJiHT, 3aflaHne b sneicrpHHecKofl uenn 
HanajibHoB cunbi normpu3yioinero toio, 
BbiAep)KKy nerann ao (J)opMnpoBaHM« nOKpblTMfl 
saAaHHofl TO/iiUHHbi, CHflTue <t>opMMpy»oiMero 
Hanpn>KeHMfl, M3aneHeHne A©Tann n 
nocneAy»oiMyK) npoMWBKy AeTa/iH m 
oTnnMaK)ii^n«cn tgm, hto norpyweHHe AeTann b 

SJieKTDOJlHT BeflyT C nOCTOflHHOfl CKOpOCTbK), 

onpeAe^fleMO^ 3aBMCMMOCTbio: V = A 
exp(B • N), rAe V - CKopocTb norpyaceHHfl 
AeTann, am 2 /mmh; N - BbixoAHaa wiomHOCTb 
ncTOHHMKa nuTaHMfl, a nocne oKOHHaHUfl 
4)opMnpoBaHMfl noKpbiTMfl HanpflweHMe b 
3JieKrpnMecKO« uenn yivieHbLijaiOT ao noHB/ieHMfl 
Ha o6pa6aTWBaeMo« noBepxHOCTH OAMHOMHbix 
6ny>KAaK)iHMX MHKponna3MeHHbix pa3p«AOB m 
ocyiuecTBn«K>T BbiAepwicy ao MOMema no/iHoro 
raiueHHfl oahhomhwx 6jiy>KAaK>inwx 
MHKponna3MeHHbix pa3p«AOB. flpeAnoweHO 



TaioKe ycTpo^cTBO Ann ocymecTBJieHHfl 
onncaHHoro cnoco6a, BKnicNaioinee Bamny c 
xnaAareHTOM, b KOTopofi pa3MemeH 
3JieKTpo/in3ep, 6jiok ynpaBneHMfl m MexaHW3M 
BepTMKanbHoro m ropn30HTanbHoro 

nepeMeineHUfl oSpabaTbiBaeMOtf A©Tann c 
B03MO>KHOCTbio nepeMemeHMfl hm AaHHOfl 
AeTariM m 3neicrponM3epa b Bai-my. 
TexHUMecKMM pe3ynbTaTOM M3o6peTeHHH 

ABTIfleTCfl nOBbllUeHMe M3HOCOCTO^KOCTH m 

Koppo3noHHO« cTofiKOCTW o6pa6aTbiBaeMbix 
AeTanefl npu hh3khx saipaTax Ha wnpoKOM 
cneicrpe o6pa3L^OB. 2 c. h 1 3.n.ct>-Jibi, 1 un. 
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M3o6peTeHne othocmtca k o6nacTM 

MMKponJlQ3MeHHOM SneKTpOXMMMHeCKOil 

o6pa6oTKM noBepxKOCTM 'svieTannnHecKHX 
M3fle/inR, a HMeHHO, k Me to asm h cpeflCTBaM 
MMKpoana3MeHHoro oKCHAnpoBaHun BeHTM/ibHbix 
MeTannoB n mx cnnaBOB, n iwoweT 6biTb 
ncnonb30BaHO b MatunHocTpoeHMM, 
caMoneTOcrpoeHMM, HectrrexiiMMMecKOM, • 
Hetprnnoft h Apyrux oTpacnnx 
npoMbtiuneHHOCTH. B nacTHOCTM M3o6peTeHne 

MOK6T GblTb HCnOJ1b30BaHO npH M3rOTOBJieHMH 

AeTanefi, noBepxHoc™ KOTopbix pa6oTaioT b 
ycnoBMflx TpeHUfl, HanpMMep BTynoK 
noAUJHnHUKOB cKO/ifcOKeHUfl, nepexoAHUKOB, 
KnanaHOB nHeBMaTMHecKMX ycrpotfcTB, nonacTefi 
TypGnHbi, nopwHefi m ljmjimhapob ABMraTenefi n 
T.n. 

TpaAHi^MOHHO Aeranki, pa6oTa»oinMe b 
ycnoBUflx TpeHMH nnn a6pa3MBHoro M3HOca, 
H3roTaBnMBaiOT M3 aHTMCj)pnKi4noHHbJx cnnaBOB 
(Myryna, 6poH3bi), jimoo Ha noBepxHoc™ 
AeTanefi, M3roToaneHHbix us KOHCTpyKi^MOHHbix 
cnnaBOB, HaHocflT MeTannnHecKHe nnn 
KOMno3ML\noHHbie noKpbiTHfl Ha ocHOBe xpowia 
mjim HMKenn. B nocneAHeM cny^ae AocrnraeTCfl 
actxfceKT ynpoHHeHMfl noBepxHOCTM, OAHaKO, KaK 
m b cnyMae ncnojib30BaHHH aHTMC^pMKijMOHHbix 
cruiaBOB napaiweTpbi m3hococto«kocth 

OCTaiOTCfl HeBblCOKMMH H3-3a H e AOCTaTOM H 0 

TBepAOCTM noBepxHocTefl TpeHnn. 3to 

06CTO«TenbCTBO npUBOAHT K 6blCTpOMy H3HOCy 

AoporocTOflinnx AeTanefi m Heo6xoAHMOCTM mx 
nepnoAMMecKofi 3aMeHbi npM 3KcanyaTaL;Mn. 

M3BecTeH aneKTpoxuMUMecKM^ cnoco6 
nonyMeHUfl TBepAoro M3HOCocTo&Koro noKpwTMfl 
[1], 3aKJi»oMaioinnflcfl B HaHeceHUM enow xpoMa 
3aAaHHo« ToninMHbi Ha noBepxHOCTb AeTanM, 
paooTatomefl b ycnoBkmx M3HOca. Cnoco6 
xapaicrepM3yeTCfl ncnonb30BaHneM 
arpeccuBHoro n tokcumhopo ajieiaponnTa 
(xpowoBbifi aHrnApuA), bwcokoH nnoTHOCTM TOKa 
(AO 60 A/am 2 ) m BecbMa *KpMTHMeH KaK k 
ycnoBHAM npoBeAeHUfl cais/ioro 
TexHonornMecKoro npoqecca, raK n k KanecTBy 
npeABapMTe/ibHO« noAroTOBKM noBepxHocTM. 
ManeflwMe OTKnoHeHM* npMBOAHT k cnaooMy 
ci^enneHHK) noKpbiTMH c noBepxHocTbio 
noKpbiBaeMO^ A©TanM n, KaK cneACTBMe, ero 
oTcnoeHMK) npn SKcnnyaTaijMM. 

M3BecTeH cnoco6 MMKponna3MeHHoro 
OKCMAnpoBaHUJi [2] BeHTWibHbix MeTannoB m mx 
cnnaBOB, npeuMymecTBeHHO anioMMHMfl n 
THTaHa. Anfl ocymecTBneHMfl aToro cnoco6a 
ncnorib3yiOT BOAHbiK pacTBop 3JieKTpOJlklTa, 
coAepacamMM" cfxxxfeaT, 6opaT, n BonbcfcpaM 
u^enoMHoro MeTanna. B HawanbHwH MOMem" 
o6pa6oTKM noBepxHocTM 3aAaiOT HanpaweHMe 
(AO 360 B), npn kotopom HaMMHaeT 
(JXDpMMpoBaTbCfl noKpbiTue, nnoTHocTb TOKa npw 

3TOM BblAep)KMBaK)T nOCTOflHHO^ (0,1 A/CM 2 ). 

3aAaHHbie napaMeTpbi no HanpaaceHwo m TOKy 
BbiAap)KM BaiOT b TeMeHHB 1-3 MMH, nocjie Hero 
HanpflKeHne yivieHbUJaioT ao Hynn b TeneHne 

1-1,5 MMHyT. 

flaHHbifi cnoco6 xapaKTepn3yeTCfl paaom 
orpaHUMeHuR no AoenwaeMOMy pe3ynbTaTy, a 

MM6HHO: 

npaKTMHecKM He bo3MO>kho nonynaTb 
ToncTbie M3HococTOMKne yBe/iMHeHMfl, noKpbn-Mn; 

MMeioT MecTO oneHb 6onbiiine 
sneprosaTpaTbi npn HaHeceHMfl noKpwTufl Ha 

OTHOCMTe/lbHO 6o/ibLUne nOBepXHOCTM. 

YKa3aHHbie HeAocTaTKM orpaHnnviBatoT 
ujupoKoe npuMeHeHMe cnoco6a. 

Han6onee 6riM3KMM no CBoe« TexHMHecKofl 
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cyTM HBrmeTCfl cnoco6 sneicrpoxuMMMecKoro 
MUKpoAyroBoro HaHeceHMfi curiMKaTHbix 
noKpbiTu^ Ha antoMMHueBbie A©Tann [3] . Ann 
ocymecTaneHua yKa3aHHoro cnocoSa 
o6pa6aTbiBaeMbie AeTann oryneHHaTO, sa 4-7 
L\MKnoB, norpy>KaK)T b 3/ieKTponn3ep c 
3jieKTponnTOM Ha ocHOBe )KHAKoro cTeicna, 
nojinc})occt)aTa n ap3aMMTa. npw stom, b 
HaMa/ibHbiR MOMeHT, KorAa AeTann norpyxeHbi b 
3neKTponnT ToribKO Ha 5-10% ot mx o6"meCi 
noBepxHOCTH, ycTaHaBiiMBaioT Ha^aribHyK) 
nnoTHOCTb TOKa b A^ana30He 5-25 A/am 2 h 
b bifle p>Kn Ba iot ee nocTORHHoCi npw 
nocxieAyKoiueM cryneHHaTOM norpy)KeHMM. 

OcHOBHbiMM HeAOCTaTKaMH yKa3aHHoro 
cnoco6a mo>kho oTMeTHTb cneAyioiMMe: 

1. Cno>KHOCTb npoL\ecca M3-3a 
Heo6xoAHMocTH opraHnsai^nvi cTyneHnaToro 
norpy>KeHH« n KOHTporifl nriotAaAH norpy>KaeMbix 
b sneKTporiMT p&raneft, a TaioKe KOHTporifl m 
perynnpoBaHHfl Heo6xoAHMoro ypoBHfl 
anoTHocTn TOKa; 

2. (lonyMaeMbie noKpbiTMfl o6riaAaK)T 

OTHOCHTeJlbHO HM3KOf^ H3HOCOCTO^KOCTbK), HTO 

onpeAenweTCJi KaK xnMnnecKoR npupoAO^ 
ncnonb3yeivioro sneicrponnTa, TaK m 
npoBOAHMbiMM TexHonorMHecKMMH onepai^nflMn; 

3. Bo3MO>KHOCTb peann3annn cnoco6a 
ToribKO npn HaHeceHHM noKpbiTuvi Ha 
aniOMUHneBbie AeTann. H3MeHeHne npupoAbi 
MeTarma m xHMnnecKoro cocTaBa He no3BormeT 
no/iynaTb KanecTBeHHbix noKpwTuPi no 
napaMeTpawi mshococto^koctm h kopdo3HohhoR 

yCTOMMMBOCTM. 

3tm HeAOCTaTKM npenflTCTByKDT aiMpoKOMy 
pacnpocrpaHeHHK) cnoco6a. 

TexHunecKoR 3aAaneR, peiuaeMoR AaHHbiM 
M3o6peTeHneM, wBJifleTCfl nonyneHne 

H3HOCOCTO«KHX nOKpblTUR 3aAaHHOft TOJllUMHbl 

Ha noBepxHocTM AeTane^, n3roTOBneHHbix M3 

BQHTMTlbHblX MeTa/lJlOB M HX Cn/iaBOB C 

sneMeHTaMU pasrtHMHoW XMMMHecKofi npupoAbi, 
noBbimeHne TexHonornHHOCTH cnoco6a 
HaHeceHMfl noKpbiTMR m yMeHbiueHna 
3Hepro3aTpaT Ha ero ocymecTBneHne npn 
noBbiLueHMM KanecTBa noKpbrrn^. 

ripeAnaraeMbfR cnoco6 MMKponna3MeHHoro 

OKCWAkipOBaHHH n03BOJlfleT AOCTMHb, KpOMe 

BbicoKo^ n3HOCOCTofiKoc™ o6pa6aTbiBaeMbix 
AeTaneR, TaioKe mx BbicoKOfl kopdo3mohho« 
yCTO^MMBOCTM, MTO no3BOJi«eT cyu^ecTBeHHO 
npoAnMTb cook cny>K6bi XMMMHecKMX peaiaopoB, 
HacocoB, y3/iOB m AeTane^ annapaTOB, 
paOoTafOLnnx b arpeccuBHbtx cpeflax. 

yKa3aHHbifl TexHMMecKM^ pe3yribTaT 
AocTMraeTCfl TeM, hto b M3BecTHOM cnocooe 
MMKponna3MeHHoro oKCMAnposaHMfl BeHTuribHbix 
MeTannoB m mx cnnaBOB BKniOHaioineM ; 

- norpy>KeHne A^Ta/iM b sjieicrponiiT; 

- 3aAaHMe b aneicrpMHecKoPi i^enM HaqaribHOM 
CM/ibi normpM3yioinero TOKa, Aocra toh ho R An« 
B03HMKHOBeHMfl Ha norpyxeHHoK b sneicrpo/iMT 
noBepxHocTM o6pa6aTbJBaeMoC^ Aeta/iM 
nepeMeiuaK)LMMXcfl MMKponna3MeHHbix 
pa3pHAOB; 

- BbiAep>KKy AQTariM ao cfcopMMpoBaHMfl 
noKpbrrnfl 3aAaHHOM TonmwHbi; 

- cHflTMe 0opMMpyK>mero Hanpn>KeHMn; 

- MSBJieseHMe A^TariM; 

- npoMbJBKy AeTanM boao^, 

1) CTaAMJO norpy>KeHMfl AeTanM b sneKTpojw 

BeAyT C nOCTOflHHO^ CKODOCTblO V, AM 2 /MMH, 

onpeAenweMOM 3aBMCMMocTbK>: 
V = A.exp(B.N), (1) 
rAe 
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N - BblXOAHSfl MOLUHOCTb HCTOHHUKS 

nMTaHUfl, B.A; 

A, B - KoacfxtMLjPfeHTbi, aaBucnu^ne ot 
npupoAw Meian/ia nnn xuMMMecKoro cocTaBa 
cn/iaBa, noABepraeMoro MHKponna3MeHHOMy 

OKCMAHpOBaHHK). 

2) cTaAHio yMeHbtueHMfl HanpnxeHun, npn 
kotopom 4)opMnpyeTCfl noKpbiTue, npoBOAflT 
nyTeM era CHUweHMfl ao 3HaMeHMfl 
coot BeTCT By io me ro Hanany raiueHMfl 
MUKponnaaMeHHbix pa3p«AOB m nocneAyK>LAefi 
BbiA©P>KKH ao MOMeHra nojiHoro raiueHH« 
OAHHOMHbix 6ny>KAaiOLHHX MMKponna3MeHHbix 
pa3p«A0B. 

SKcnepuMeHTbi no n3yMeHwo B/iMflHMfl 
CKopocTM norpy>KeHMn AeTanH b anejcrponHT Ha 
3Hepro3aTpaTbi npn ocyu^ecTsneHUM npoqecca 

nOKpblTMfl M3AeJlM^, M3HOCOCTORKOCTH MX 

noBepxHoc™ noKa3ann, hto onTHMaxibHbie nx 

3HaMeHMfl HaXOA^TCfl B AOCTaTOMHO y3KOM 

Anana30He CKopocTefi norpyweHwa, 
onpeAenweMbix 3HaMeHHHMn KOSCtxfwLjkieHTOB A 
vi B b ypaBHeHMM (1). 

TaK A"fl MWKponna3MeHHoro oKCMAwpoBaHMH 
AecfcopMwpyeMbix cnnaBOB anioMMHUfl 
3aBncviMocTb cKopocTM norpyweHMfl txeraneft b 
axieicrporiMT (V, am 2 /muh) ot moiahoctm 
ncTOMHMKa nuTaHMfl (N) Mower 6biTb 
npeACTaBneHa ypaBHeHneiwi (1), rAe A MoxeT 
npuHnwaTb 3HaneHHfl b MHTepBane ot 0,21 ao 
0,29, B npuHUMaeT 3HaMeHne b MHTepBane 
2,0 .10" 5 AO 2,1.1 0~ 5 ( pa3 Me pHocxM napaiweTpoB 
AmB 3Aecb m Aanee onymeHbi). 

Coot BeTCTBe h h o Ana MWKponna3MeHHoro 
OKCHAnpoBaHun nme^Hbix antoMMHueBbix 
cnnaBOB, coAepwatuwx ao 8% KpewHMfl, 3Ta 
3aBVicnMocTb MOxeT 6biTb npeACTasneHa b bma© 
ypaBHeHUfl (1), rAe A npMHMMaeT 3HaMeHne b 
MHTepsane ot 0,07 ao 0,09, a B - MHTepBane 
ot2,1,10- 5 ao2,2.10- 5 ; 

Ana cnnaBOB TUTaHa, coAep>KaiHMX ao 10% 
nempyioinMX 3neMeHTOB: 

A - b MHTepBane ot 0,41 ao 0,42 

B - b nm-epBane ot 1.7.10" 5 AO 1,8«10* 5 

Ana cnnaBOB l^pkohhh nnn rao>HMfl, 
coAepwamwx ao 4% nempyiomMx sneMeHTOB: 

A - b MHTepBane ot 0,38 ao 0,4 

B - npMHMMaeT 3HaneHMe 1,8.10~ 5 ; 

Ana anMTMpoBaHHOM cranM; 

A - b MHTepBane ot 0,19 ao 0,28, 

B - b MHTepBane ot 1.9.10* 5 ao 2,25.1 0" 5 . 

3HaMMTenbHoe KonMHecTBO aKcnepwvieHTOB 
no3BonMno onpeAennTb, hto Kosq^xfMijMeHT A 
H3NieH*eTCfl b Anana30He 10,05-0,5) am 2 /mmh; 
a K03(J)0>ML^MeHT B M3MeHfleTCfl b Anana30He 
(1, 5-2,5). lO^/B.A. 

npn norpyjKeHHM yBenMMUBaeTCfl 

nOBepXHOCTb CMaHMBaHMfl AST3J1H 

aneKTponMTOM, b pe3ynbTaTe 3Tora nnoTHocTb 
nonflpn3yK)iAero TOKa, HanpaaceHMe 3aAaHHoe 
Me>KAy A^Tanbio m 3neKTponM3epoM 
yMeHbiuawTCfl. PerynMpya CKopocrb norpyweHMfl 
AeTann, t, e. perynMpya CKopocTb CMaMMBaHUfl 
noBepxHOCTM A©Tann, mo>kho noAAepwwBaTb 
3HaM6Hne nnoTHOCTM nonflpusyiomero TOKa 8 
npeAenax, npn KOTopoft npoTeKaeT npoLjecc 
MHKponna3MeHHoro oKCHAMpoBaHMfl, 
ooecneHMBaioiAvi^ nonyneHMe m3hococto«kmx 

nOKpblTMft. 

flpn npesbiiueHMM HexoTopofi BennHMHbi 
ckodocth norpyaceHHH moxst nonHocTbio 
npeKpaTMTbCfl MMKpoAyroBofl npoi^ecc c 
nocneAyioiMMM pacTBopeHMeM ywe 
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o6pa30BaBiuerocfl noKpbiTMfl. (IpM cnniLiKOM 
ManoR BenMMMHe CKopocTM norpyxeHMfl AeTann 
MoryT HaonioAaTbCfl OTAenbHbie AyrM 6onbiuoPi 
3HeproeMK0CTM, MTO npHBOAMT k noKanbHOMy 
pa3pyujeHMio noKpbiTun, m ksk cneACTBue, 
ManoK m3hococtoRkocth m ManoK 3au\MTe 
noKpbiBaeMOM A©TanM OT KOpp03MM. 

TaK KaK npn o>opMMpoBaHMM noKpbiTnfl b HeM 
o6pa3y!OTCfl MenKMe nopbi, to aha noBbiiueHMfl 

KOpp3M0HHO« CTO^KOCTM nOKpblTMfl Heo6xOAMMO 

mx 3aneHMBaHMe. B cbji3M c stmm Heo6xoAHMO, 
MTo6bi npoL^ecc MkiKponna3MeHHoro 
OKCMAnposaHMfl npoTeKan (noKann30Bancfl) 
TonbKO b 3tmx nopax; T.e. o>opMMpoBaHMe 
XMMMMeCKMX coeAMHeHMtf (b ochobhom okcmaob) 
npoMCxoAmio 6bi TonbKO b nopax. npatanMecKn 
nonHoe mx 3aneMMBaHne conpoBO)KAaeTCfl 
caMoraujeHneM npoLjecca MHKponna3MeHHoro 

O KCM A^l pOB3H M fl . 

HpM yMeHbtueHMM HanpjDKeHMn ao 3HaHeHMfl, 
cooTBeTCTByjomero HaMany ranieHM« 
MMKponna3MeHHbix 3apwoB, Mepe3 HeKOTopoe 
BpeMfl npoMcxoAHT 3aropaHMe OAnHOMHbix 
3ap«AOB b nopax noKpbiTMfl, hto m npuBOAHT k 
mx 3aneMMBaHMio npM onpeAeneHHofi 
AnMTenbHOCTM BbiAep>KKVi. 

ConocTaBneHHbiK aHanM3 npeAnaraeivioro 
M3o6peTeHMn c npoTOTnnoM noKa3biBaeT, mto 
npeAnaraewibiR cnoco6 oTnnnaeTCfl ot 
M3BecTHoro cKopocTbvo norpy>KeHMfl ASTaneR, 
peKMMOM yMeHbuueHMfl cpopwiMpyioinero 
Hanpn)KeHMfl n BbtAep>KKoW ot MOMeHTa HaMana 
raiueHMW ao nonHoro ncH63HOBeHMfl OAnHOMHbix 
MMKponna3MeHHbix 3ap«AOB. CoBOKynHocTb 
nepeHMcneHHbix cpaiaopoB ooecneMMBaeT 
peuieHMe nocTaBneHHOM" 3aAaHM. 

1. nonyneHMe mshococtoWkmx noKpbiTMfi 
3aAaHHO« ToniAMHbi ho TonbKO Ha noBepxHocTn 
anioMMHMeBbix ppjaneft, ho m Apyrnx 
BeHTMnbHbix MeTannoB n mx cnnaBOB c 
3neMeHTaMM pa3nMHHOM xMMMMecKOM npMpoAbi. 

2. noBbiujeHMe TexHonornHHocTM cnocooa 
HaHeceHMA noKpbiTM^ n 3Hepro3aTpaT Ha era 
ocymecTaneHMe. 

rioMCK, npoBeAeHHbiR no TexHkmecKMM 
MCTOHHMKaM MHCpopMai^MM, noKa3an, HTO 
3aflBnfleMaa coBOKynHocTb HeMssecTHa. TaKMM 
o6pa30M, 3aHBneHHoe cooTBeTCTByeT ycnoBMfo 
naTeHTOcnoco6HOCTM M3o6peTeHM« "HOBMSHa". 
YHMTbiBan tot (paxr, cxopocTM norpy>KeHMfl Anfl 
pa3nMHHbix cnnaBOB, ypoBH* yMeHbiueHM« 
qbopMMpyioiAero Hanpfl>KeHMH m BbiAepwKM ao 
nonnoro raujeHMfl MMKponna3MeHHbtx pa3p«AOB 
noA^Mpanncb SKcnepuMeHTanbHO, mcxoaa H3 
paHee yKa3aHHbix TpeooBaHMtt k npoL^eccy 
MMKponna3MeHHoro oKCMAnpoBaHMn n KanecTBy 
nonynaeMbix noKpbiTMfl, to saflaneHHoe 
cooTBeTCTByeT ycnoBMio "M3o6peTaTenbcKMfl 
ypoBeHb". nocKonbKy aneKTponMT coctomt M3 
M3BecTHbix cocTaanflKDiAMX, a 3anBnneMbi^ 
cnoco6 BKnjoHaeT MSBecTHbie onepai^nn 
(norpyxeHMe, npuicnaAbiBaHvie Hanpn^KeHMfl, 
BbiAepxicy, cHRTMe o>opMMpyfoiAero 
HanpwKeHkm, npoMbiBKy AeTann), to 
3aflanfleMoe cooTBeTCTByeT ycnoBMio 
"npoMbituneHHafl npMMeHMMocTb a . 

flnfl 3Q>})eKTMBHOfl npaKTMHecKo^ 
peann3ai4MM 3aflBneHHora cnoco6a 6bino 
pa3pa6oTaHO opMrMHanbHoe ycrrpoMCTBO. B stom 
cba3M ApyrMM o6"beKTOM 3aflBnneMoro 

M306D6T6HMH WBnfleTCfl yCTDO^CTBO An« 

MMKponnasMeHHoro oKCMAnpoBaHnn 
noBepxHOCTM A©Tane« mx seHTMnbHbix 
MeTannoB m cnnaBOB Ha mx ocnoBe. 
- M3secTHbi ycTpoRcTBa An« nonyneHMfl 
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oKCMAHbix noKpwTM^ Ha BeHTunbHbix MeTannax, 

COCTOflLUMe M3 MCTOMHMK3 nMT3HMfl C BblCOKMMM 

BbixoAHbiMM xapaKTepviCTHKaMM no TOKy m 
Hanpfl^eHHK), B3HH3 3JieKTpo;iH3a c . 
OKCHAnpyeMoC^ AeTsnbio, CBH33HHbie Mex<Ay 
cooofi M MCTOHHMKOM nuraHHfl TOKOnpOBOA3MM 
[1.4]. 

(IpHMeHHMOCTb T3KHX yCTpotfCTB BeCbMa 

orpaHUMeHa, TaK KaK npuHMnn nx paooTbi 
ocHOBaH Ha nonHOM norpy>KeHHH 
o6pa6aTbiBaeMO« AeTanM b BaHHy 3neKrponn3a. 
3to o6cTOATenbCTBO npuBOAUT k 

HeB03MO>KHOCTM MX MCnonb30B3HMM Pflfi 
HaHeceHMfl OKCMAHblX nOKpblTMM Ha nOBepXHOCTM 

KpynHora6apnTHbix AeTanefi, m oco6eHHO co 
cno>KHofi KOHCpurypaL^ne^, TaK KaK Arm 
AocTn>KeHHfl HanpflxeHMfl cjDopMMpyiomero 
noKpbiTMe Tpe6yK)TCfl oneHb 6onbLUne BenMMMHbi 
TOKa m ooribiiioe BpeMfl BbixoAa Ha peKUM, hto 

SKOHOMMHeCKM He BbirOAHO. 

Han6o/iee 671M3KMM k 33HBneHHOMy 
aanneTCfl ycTpoflCTBO Ana m m KpOAy roBoro 

OKCMAHpOBaHUfl A3T£Uie^ XMMHHGCKOrO 

o6opyAOBaHMfl, cHa6>KeHHoe 3netcTponM3epoM c 

aneKTDOnHTOM, MCTOHHMKOM nUTaHUH, eMKOCTbK) 

Arm aneKTporiMTa, 6noKOM cpaBHeHHfl 
HanpflxeHM^, npeo6p330B3TeneM cumajios, 
nepeKaHUBaramuM hscocom m perynnpyiomMMH 
KnanaHaMM, npuneM mctomhmk nuTaHMfl Mepe3 
6/iok cpaBHeHktn nanpflweHMPi n 
npeo6pa30BaTerib cMma/ioB coeAnneH c 
perynnpy»oiAHMM KnanaHaMM, ycTSHOBneHHbiMM 
Ha riMHM«x, cx>eAHHfliotnMx aneiaponnsep, 
nepeKannBaioinMR Hacoc m eMKOcTb Ann 
aneKTponura [5]. 

HeAOCTaTKaMM AaHHoro ycTpoitaTBa 
jianwHDTCfl: 

- rpOM03AKOCTb yCTpofiCTBS, CBH33HH3H c 
Heo6xOAMMOCTbK> MM©Tb ABe B3HHbl nOA 

anetaponuT m OAHy Ann npoMbiBKM, 

- noBbnueHHbii^ pacxoA 3neKTpo3Hepn/tM, 
CBfl3aHHbiCi c Heo6xoAMMOCTbio nepexsMKM 
sneicrponMTS M3 psooMefi BaHHbi b pesepBHyio 

eMKOCTb M 06paTHO, 

- TpyAHOCTb noAep>KaHMfl 3aAaHHoro peKniwa 
OAHOBpeMeHHo oKCMAMDOBaHMfl 6onbuuoro 
KoriMHecTBa Men kmx AeT3nefl. 

YKa3aHHbie HeAOCTaTKM npenflTCTByioT 
ujupoKOMy pacnpocrpaHeHMK) TaKMx ycrpoMCTB. 

TexHMMecKof^ 33A3Mefl npeAnaraeMoro 
M3o6pereHMfl HBnaeTCfl CHMxeHMe 3Hepro3aTpaT 
npM nonyneHMM noKpbiTMM" m noBbiujeHMe 
KOMnaKTHocTM ycTDoBcTBa, a TaiOKe noBbiujeHMe 
KanecTBa nonynaeMbix OKCMAHbix noKpbiTMfi npM 
paciUMpeHMM Anana30Ha Mcnonb3yeMbix 
MeTannoB Anfl noxpuTMn. 

YKa3aHHafl 33A3Ha peujaeTCfl TeM, mto 
M3BecTHoe ycTpoflCTBo Ann nonyneHMfl 

nOKpblTM^ MMKpOAyrOBbIM OKCMAMDOBaHMeM 

AononHMTenbHO coAep>KMT MexaHM3M 
BepTMKanbHoro m ropM30HTanbHoro 

nepeMeiueHMfl AeTanM (AeTanefl) c ojiokom 
ynpaBneHMfl nepeMemeHMeM, a 3neicrponM3ep 
pacnono)KeH BHyTpM BaHHbi oxnsDKAeHMH c 

KOaKCManbHbIM CMeiAeHMeM OTHOCMTenbHO OCM 

BaHHbi, npM 3TOM ee 06-beM no MeHbiueM* Mepe b 
3 pa3a 6onbiue o6"beMa 3neiaponM3epa. 

noMCK, npoBeAeHHbiK no TexHMMecKMM 
mctomhmksm MHQ>opMai^MM, noKa3an, MTO 
3a«BneHHafl coBOKynHOCTb HeM3BecTHa, T.e. 
3a«BneHHoe cooTBeTCTByeT ycnoBMio 

naTeHT0Cn0C06H0CTM M306peTeHMfl "HOBM3H3". 
TaK K3K yCTpO&CTBO COCTOMT M3 M3BeCTHblX 

cocTaBnfliou4Mx, to 3a«BneHHoe cooTBeTCTByeT 
ycnoBMio "npoMbiiuneHHan npMMeHMMOCTb", a 
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nocKonbKy reoMeTpMnecKMe xapaKrepMCTMKM m 
cooTHOiueHMfl MSCTetf ycTpo^cTBa noA6MpanMCb 
3KcnepMMeHTanbHO, to 3aflBneHHoe 
cooTBeTCTByeT ycnoBMio - "M3o6peTaTenbCKM^ 
yposeHb". 

Ha nepTewe cxeMaTMHHO npeACTaBneHO 

yCTpO^CTBO MMKpOnna3MeHHOrO OKCMAMpOBaHMfl 

BeHTunbHbix MeTannoB m mx cnnaBOB. 

YcTpoRcTBo coctomt M3 6noKa ynpaBneHMH 
MexaHM3MOM nepeMeineHMfl AeTanM 1, 
MexaHM3Ma 2 BepTMKanbHoro m ropM30HTanbHoro 
nepeMemeHMH AeTanM c Aep>KaTeneM, 
3neKTponM3epa 3 c sneKTponMTOM, 
o6pa6aTbiBaeMoC^ AeTanM 4, BaHHbi 5 c 
xnaAareHTOM (HanpMMep, npoTOHHo^ boaw) aha 
oxnaxAeHMfl aneiaponMTa m npoMbiBKM 
o6pa6aTbiBaeMO« A^anM 4, sneicrpoABMraTenfl 
6, MCTOHHMKa nMTaHMfl 7 c nynbTOM ynpaBneHMfi, 
MeuuanKM 8 Ann nepeMeu^eHMfl sneiaponMTa, 
CBnsaHHoR c aneicrpoABMraTeneM 6. 
3neKTponM3ep 3 Mo^er pacnonaraTbcn b BaHHe 
5 co cMeu^eHMeM OTHOCMTenbHO ocm BaHHbi 5 m 
o6"beM nocneAHe^ no KpaRHetH Mepe b 3 pa3a 
6onbiue, neM o6"beM 3neKTponM3epa 3. B 
AaHHOM cnynae xnaAareHT, pa3Meu^eHHbi« b 
BaHHe 5, TaiOKe BbinonHHeT ponb m 
npoMbiBOHHoro areHTa. 

Cnoco6 npM pa6oTe AaHHoro ycTpo^CTBa 
peanM30BbiBancfl cneAyioiMMM o6pa30M. 

Ann nonyneHMfl M3HOCOCTo^Koro m 
Kopp03MOHOCTo^Koro noKpbiTMn Mcnonb30BanM 
nnocKyio nnacTMHy o6u\eft nnomaAbio 32 
AM 2 M3 nMTe&Horo antoMMHMeBoro cnnaBa (ATI 
22) c coAep>KaHMeM nervipyioiMMx aneMeHTOB ao 
15%. fleTanb 3aKpennnnM b A©P>*<aTene >KecTOKo 

CBfl33HHblM C MeX3HM3MOM 2 BepTMKanbHoro M 

ropM30HTanbHoro nepeMetneHMfl. B 6noKe 
ynpaBneHMfl MexaHM3MOM nepeMeiAeHM« A^anM 
1 3aAaBanM KOMaHAy na BepTMKanbHoe 
norpy>KeHMe AeTanM 4 b sneiaponMT, HanMTbifl b 
3neKTponM3ep 3 c 3aAaHHOfl CKopocTbio, 
KOTopaw npeABapMTenbHO paccMMTbiBanacb no 
ypaBHeHMio V= A«exp(B«N) (1 ). B ashhom 
cnyMae Ann nMTe^Horo anioMMHMeBoro cnnaBa 
CKopocTb norpyxeHMn cocTaBnnna 0,26 

AM 2 /MMH. BblXOAHan MOlUHOCTb MCTOHHMKa 

nMTaHMfl cocTaBnflna 60000 B .A. CocTaB 
Mcnonb3yeMoro sneKTponMTa 6bin b m3cthom 
cnynae cneAyKDiAMM, Mac.%: 
NaOH - 0,3 

2) N3[AIOH]4 - 0,5 

3) nepenn3BneHHbi« 0AH033MemeHHbii* 

<j50CCf)aT HaTpMfl - 0,5 

4) BoAHbifl SKCTpaKT cbipbJi pscTMTenbHoro 
npoMCXO>KAeHMfl, nonyHeHHbiti npM cooTHoujeHUM 
Mace Cbipbfl n SKcrpaKTa He MeHee - 12,0 

5) Bofla - OcranbHoe 

CnenyeT oTMeTMTb, hto 3KcnepMMeHTbi 
npoBOAMnMCb m Ann p«fla sneKTponMTOB APyrMX 

COCTaBOB, MMeiOU^MX MeCTO B l^MTMDOBSHHblX 
MCTOMHMKaX MHC^OpMai^MM. 

flocne noA3HM KOMaHAbi Ha onycK3HMe 
AeTanM 4 m Hansns ee norpyxeHMfl b 

SneKTDOnMT BKniOH3IOT MCTOMHMK nMTSHMfl 7 M 

33A3K)T cuny nonflpM3y»OLnero toks - 120 A, 
KOTopa* M3MeH«eTCfl no 33KOHy (1) no Mepe 
norpyweHMH AeTanM 4 b sneKTponMT. Bioiiomsiot 
sneiapoABMraTenb 6, npMBOA«iMM^ b AeRcTBue 
MeiuanKy 8, nepeMeuiMBaioLi^yK) snetaponHT. 

Hanpn>KeHMe, KOTopoe o6ecneMMB3eT 
HSManbHyio 33AaHHy»o CMny nonnpM3yiomero 

TOK3, AOCT3TOMHO A/lfl B03HMKHOBeHMfl 

MMKponna3MeHHbix pa3pflAOB. . 

no Mepe norpyweHMfl AeTanM 4 
yBenMMMBaeTCfl noBepxHOCTb, KOTopsn 
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cwiaMUBaeTCfl aneiapo/iMTOM, 30Ha 
MMKponnaaMeHHbix pa3p*AOB cKaHnpyerc« no 
noBepxHOCTH norpyweHHH Aeranw 4. ripn 
yKa3aHHO« Bbiiue ckopoctm cMaMMBaHMH 
noBepxHOCTH neranw HanpnweHne coxpaHaeTCfl 
Ha ypoBHe, AOCTaTOMHOM Ana noAAepwHBaHMfl 
ropeHMA pa3pflAOB Ha Bcefi cMOMeHHofi 
noBepxHOCTM (npn6nn3MTe^bHO ( 550-600 B), 
BnnoTb ao no/iHoro norpyxeHMa Reran* 4 b 

SJieKTDO/lHT. 

riocne norpyweHHfl jjbtbtwa 4 b sneiaponMT 
npoBOAflT BbiA©P>KKy b TeMeHne 35-45 MUHyT, bo 
BpeMn KOTopoR noKpbiTue HaHOCMTcn Ha 
nosepxHocTb AeTann. npn stom no Bcefi 
noBepxHocTH ASTann 4 ropHT nepeMemaioiuMe 
MMKpoAyrn, 3aTew yMeHbiuaioT cpopMupyioinee 
HanpflxeHMe ao 3HaMeHkm, cooTBeTCTByioinero 
Hanany raweHMH MHKpon/ia3MeHHbix pa3p*AOB 
(npuMepHO ao 380-430 B), m noflBJieHkia 
OAMHOHHblX 6xiy>KAaMDiMMX MMKponna3MeHHbix 
pa3p«AOB. 3aropaHne oAHHOMHbix pa3p«AOB 
TOJibKo b nopax noKpbiTvin AeTann 4. ripoBOAMT 
nocneAyraiMyfo BbiAep>KKy ao MOMeHTa no/iHoro 
raiueHMfl oamhomhwx 6/iy>KAaK)imix 
MHKponna3MeHHbix pa3p«AOB - 10-14 MUHyT. 
To/ibKO nocne 3Tofl onepauMM BbiKntOHaiOT 

MCTOMHMK HMTaHMfl 7. C/ieAyeT OTMeTMTb, MTO 

pacnonoxeHne sneicrponMsepa 3 b BaHHe 5 c 
xnaAareHTOM (HanpuMep - npoTOHHofl boaoA) 
cnoco6cTByeT ero oxna^eHHio, T.e. ynyHLueHtiio 
TennoBbix pe>KMMOB ero 4)yHKMnoHMpoBaHMfl. 

B 6/iokg ynpaBJieHUfl 1 MexaHM3MOM 
nepeiwemeHkm AeTann 4 3aAatoT KOMaHAy Ha 
BepTHKajibHbifi noA"beM pbtbtwa 4, ee 
ropn30HTaribHoe nepeMemeHwe m BepTMKanbHoe 
norpyweHHe b BaHHy 5 c xnaAareHTOM 
npoTOMHofi boaom, b KOTopotf ocymecTB/ifleTCfl 
npoMbiBKa AeTaxiM 4 stom boaoH. B a^hhom 
cnynae xnaAareHT nrpaeT ponb npoMUBOMHofi 
kmakoctm. nocne npoMbiBKH ASTa/iM 4 3aAaiOT 
KOMaHAy na BepTwcaxibHbiB noAbeM A^Tajin 4 U3 
BaHHbt 5, 33TeM ee BbiHUMaioT M3 AepwaTen*. 

B pe3ynbTaTe npoBeAeHHbix onepauMfl 6bino 
nonyqeHO noKpbiTMe c cneAyK>mnMn 
cso^cTBaMM ToniMMHa - 68 mkm; 
MUKpoTBepAOCTb B cpeAHefl Mac™ nOKpblTMfl - 
20 ma; XHMMMecKan cTOflicocTb - 45 MMHyT; 
ojieKTpuMecKaw npoHHOCTb - 43 B/mkm. npn 
3tom, TonunnHy m MMKpoTBepAocTb nonyMeHHbix 
noKpbiTMR onpeAeJiwin Ha nonepeMHbix ninnqbax 
c noMombK) npuoopa l"IMT-3. XnMUMecKyto 
croRKocTb OL^eHMBann no BpeMeHU ao 
pa3pyweHHfl noKpuTM* b pacTBope, 
coAepwameM 300 r/n conflHOfl KMcnoTbi m 200 
r/n xnopnAa Mepyi. 9neKTpMMecKy»o npoMHOCTb 
noKpbiTHfl onpeAe/umn nyieM peneHna 
BennHUHbi mx npo6MBHoro HanpflweHMH Ha 
TonmHHy. ripo6nBHoe HanpaweHMe noKpbiTMfi 
M3Mepsvin Ha B03Ayxe, noAaBan Ha noBepxHOCTb 
noKpbiTui^ Hanp«)KeHne ot nono>KMTejibHoro 
nonioca wcTOMHMKa nocTOJiHHoro TOKa. 
npuKMMHOi^ KOHTaKT MMe/i cqbepuHecKyK) 
(AnawieTp 2 mm) hjim nnocKyio (1 cm 2 ) 
nosepxHocTb. HarpysKa Ha npn>KMMHoR KOHTaKT 
cocTaB/iRna oko/io 10 H. C/ieAyeT OTMeTMTb, hto 
npoBepicy 3aencnMOCTM ckodoctm norpy)KeHHfl 
Aejia/iM b sneKTponuT npon3BOAM/in b ujudokom 
Anana3QHe BbixoAHoW moiahoctm mctomhuio 
nHTaHna - ot 5 KvuioBO/ibTaMnep ao 300 
KvuioBoribTaMnep m pe3y/ibTaTbi noica3ann 
cnpaBeAnnBOCTb aqhhom (fropMynbi. 

YKa3aHHbiR Bbiiue napaMeTpw nonyneHHoro 

nOKpblTMfl AaK)T B03MO«HOCTb yTBep>KA3Tb, MTO 
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3aaBneHHbifi cnoco6 peann3yeT nocTaBXieHHywD 
3aAany c bwcokhmh noKa3aTerwMn, a 
ycipo^cTBo AaeT BosMOKHOCTb nonyMaTb 
noKpbiTMfl BbicoKoro KaMecTBa npn hh3khx 
3aTpaiax Ha tunpoKOM cneicrpe o6pa340B, hto 
3aHacTyK> h6aocth>kmmo npn npuMeHeHMH 
Apyrux n3BecTHbix cnoco6ax m ycTpo^crBax. 
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OopMyna M3o6peTeHi/m: 

1 . Cnoco6 MMKponna3MeHHoro 

OKCUAHpOBaHMfl BeHTHTlbHblX MeTaJIflOB M HX 

cn/iasoB, BKniOHaioiAMW norpyxeHMe AeTann b 
sneKTDonuT, 3aAaHne b sneicrpuHecKoK L\enn 
HananbHoa cunbi no/iflpn3yioinero TOKa, 

AOCTaTOMHOfl An* B03HMKHOBeHHfl Ha 

norpy)KeHHO« b sneicrponuT noBepxHOCTM 
o6pa6aTbiBaeMOM AeTa/in nepeMeiAatoiAUxcfl 
MHKponna3MeHHbix pa3pflAOB, BbiAepKKy AeTann 
AO <$opMkipoBaHMfl noKpbiTMfl 3aAaHHo« 
ToniMUHbi, CHflTHe o>opMiipyK>mero Hanpfl>KeHHfl, 
M3BneMeHne AeTann n nocneAyiomyto npoMbiBicy 
AeTariM, oTnnMaK>mn«c« TeM, mto norpy>KeHne 
AeTann b 3neKTponnT BeAyT c nocTo«HHo« 
cKopocrbio, onpeAenneMOM saBucuMOCTbio 
V = A exp (B • N), 

rAe V - cKopocTb norpy>KeHMfl AeTann, 
AM 2 /mmh; 

N - BblXOAHafl MOlUHOCTb HCTOHHHKa 

nuTaHMfl, N - (0,05 ... 3)10 5 B«A; 

A - (0,05 ... 0,5) am 2 /mmh; 

B - (1,5 ... 2,5)1 0" 5 (1/B.A), 

a nocne oKOHMaHMfl qbopMnpoBaHUP 
noicpbiTMfl HanpflxeHne b aneKTpuMecKO^ i^enn 
yMeHbiuaioT ao no«aneHii« Ha o6pa6aTbJBaeMOfl 
noBepxHocTH oahhomhwx 6ny>KAaK>iMnx 
MMKponna3MeHHbix pa3p*iAOB m ocyiAecTBTiflioT 
BbiA©P>KKy norpy>KeHHoR o6pa6aTbiBaeMofl 
noBepxHOCTH AeTann b aneiaponnTe ao 
MOMeHTa no/iHoro raiueHMfl oahhohhwx 
6ny>KAaK)inux MHKponna3MeHHbix pa3pflAOB. 

2. YcTpoWcTBO MMKponna3MeHHoro 

OKCMAMpOBaHMfl BeHTHJlbHblX MeTa/UlOB H MX 

cnnaBOB, BKniOMaioiAee mctomhmk nMTaHMfl, 
coo6meHHbiR c 3neKTpo/iM3epoM, m cpeACTBO 

M3MeHeHMfl ypOBHfl CMaMMBaHMfl 

o6pa6aTbiBaeMO^ AQTariM, OT/iMMaiomeecfl TeM, 
mto oho cHa6)KeHo BaHHOfl c xnaAareHTOM, b 
KOTOpoft pa3MeujeH 3neKrponM3ep, 6noKOM 
ynpaaneHMfl, c kotopwm CB«3ano cpeACTBO 

M3MeHeHMfl ypOBHfl CMaMMBaHMfl 

o6pa6aTbiBaeMO^ AeTariM, BbinonHeHHoe b bma© 
MexaHM3Ma BepTMKaxibHoro m ropM30HTanbHoro 
nepeMeu^eHMfl o6pa6aTt>iBaeMoW rotbtwa c 
BQ3MO)KHOCTbio nepeMeu^eHMfl mm AaHHO« 
AeTann M3 3neKTponM3epa b BaHHy c 
xnaAareHTOM. 

3. Yctdomctbo no n.2, oTnMMa»oiMeecfl TeM, 
mto 06-beM BaHHbt c xnaAareHTOM no MeHbiuefl 
Mepe b 3 pa3a 6onbiue, MeM o6"beM 
3neKrponM3epa. 
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